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ABSTRACT 
A mathematical model is an algorithm or set of equations that is combined with 
a set of data values to represent the significant behavior of a system, process, or 
phenomenon. The development of a mathematical model for a given real-world system 
can be a difficult task. In cases where the system's dynamics are not well understood, 
a series of experiments must be performed to collect data that can then be processed 
using various techniques to yield a model of system behavior. This thesis introduced 
some of the methods used in the development of mathematical models of real world 
systems and phenomena. 
Based on the study, the system response of tension plastic for an automated 
sealing and pre-cut plastic bag machine will give us the overview of the system 
performance. The mathematical model of DC motor are developed and tested with PI 
controller model too see the feedback with various values of Kp (proportional gain) and 
Ki (Integral gain). The study of characteristics of control system like settling time, riSing 
time, steady state error and overshoot has been done. Previous study of this kind of 
web tension or unwinder/winder application is mostly used of PI controller. The reason 
will be discuss on this thesis implementation. Using Matlab and Simulink as a 
simulation software does the experiment. 
The system simulator is made for guideline or reference to engineer or machine 
design so that they can test their material used in unwinding and winding system 
applications. Using Labview as virtual instrument software does the testing experiment. 
Bachelor Technology in Mechatronics Engineering 
Muhd Fahezal Final Year Project Mechatronics 2003 
TABLE OF CONTENT 
OATH 
DEDICATION 
ACKNOWLEDGEMENT 
ABSTRACT 
LIST OF TABLES 
LIST OF FIGURES 
LIST OF SYMBOLS AND ABBREVIATIONS 
CHAPTER 1 INTRODUCTION 
1.1 Project Introduction 
1.1.1 Brief overview of an Dynamic Simulation, Modeling, 
and Analysis for an Automated Sealing and Pre-cut Plastic Bag 
Machine. 
1.1.2 Principle of an Automated Sealing and Pre-cut 
Plastic Bag Machine. 
vi 
pages 
ii 
iii 
iv 
v 
xii 
xiii 
xx 
2 
1.2 Objective of the ProjectfThesis 3 
1.2.1 Purpose of study 3 
1.2.2 Statement of problem 3 
1.3 Benefits of dynamic simulation in unwinder and winder industry 4 
1 .4 Application of ProjectfThesis 4 
Bachelor Technology in Mechatronics Engineering 
Muhd Fahezal Final Year Project Mechatronics 2003 VII 
1.5 Definitions of important terms 5 
1.5.1 Dynamic Simulation 5 
1.5.2 Mathematical Modeling 5 
1.5.3 Analysis 5 
1.5.4 Virtual Instrumentation 5 
1.5.5 Overshoot 5 
1.5.6 Rise time 5 
1.5.7 Settling time 6 
1.5.8 Closed loop system 6 
1.5.9 Open loop system 6 
1.6 Limitations 7 
1.6.1 Modeling and analysis 7 
1.6.2 Virtual instrument and dynamic simulation 7 
CHAPTER II LITERATURE REVIEW 
2.1 A history of Dynamic and Simulation 8 
2.2 A history of Control System 9 
2.2.1 Liquid level control 9 
2.2.2 Speed control 10 
2.2.3 Closed loop system (feedback control) 10 
2.3 Motion Control 11 
2.4 The Tension control 11 
2.4.1 What's Tension Control 11 
2.4.2 Why a Tension Control 12 
2.4.3 Where does it apply? 12 
2.4.4 Technical Consideration (tension control) 13 
2.4.4.1 Single zone 13 
2.4.4.2 Two zones 14 
2.4.4.3 Multiple zones 15 
2.4.5 General block diagram 16 
2.4.5.1 Zone 1, typical characteristic (Unwinder) 16 
2.4.5.2 Zone 2, typical characteristic 17 
2.4.5.3 Zone 3, typical characteristic (Winder) 17 
Bachelor Technology in Mechatronics Engineering 
Muhd Fahezal 
2.5 
2.6 
2.7 
CHAPTER III 
3.1 
3.2 
Final Year Project Mechatronics 2003 
2.4.6 Closed loop solution 
2.4.7 Open loop solution 
2.4.8 Methods to sense the tension 
2.4.8.1 Direct tension 
2.4.8.2 Indirect tension 1 
2.4.8.3 Indirect tension 2 
PID control implementation 
2.5.1 Three term controller 
2.5.2 The characteristics of P, I, and D controllers 
2.5.3 PI loop consideration 
2.5.3.1 Where can outer loop can be found? 
2.5.3.2 Outer loop implementation and set up 
2.5.3.3 Web tension dancer position regulator 
LVDT sensor 
2.6.1 The principle operation of L VDT 
Application example of web tension control system 
2.7.1 Dancer control 
2.7.2 Load cell control 
2.7.3 Analog control 
2.7.4 Electronics Control 
METHODOLOGY 
Analytical method for modeling dynamic systems 
3.1.1 Modeling 
3.1.2 Mathematical equation description 
3.1.3 Design 
3.1.4 Analysis 
The control system design process 
3.2.1 Establishing the system goals 
3.2.2 Identify the variables to control 
3.2.3 Write the specifications of variables 
viii 
18-21 
21 
22 
22 
23 
23 
24 
24 
25 
25 
25 
26 
27 
29 
30 
32 
32 
33 
34 
35 
36 
37 
37 
37 
37 
38 
39 
39 
39 
3.2.4 Establish the system configuration and identify the actuator 
Or sensor 39 
3.2.5 Obtain the model of process, the actuator and the sensor 39 
Bachelor Technology in Mechatronics Engineering 
Muhd Fahezal Final Year Project Mechatronics 2003 ix 
3.2.6 Describe the controller and select the key parameter 
To be adjusted 40 
3.2.7 Optimize the parameters and analyze the performance 40 
3.3 Transfer function 
3.3.1 Element of system 
40 
41 
3.3.1.1 Transfer function for V2(s) = __ 1_ 41 
VI(s) RCs 
3.3.1.2 Transfer function for V2(s) = -RCs 41 
VI(s) 
3.3.1.3 Transfer function for V2(s) = _ R2(RlCs + I) 42 
VI(s) RI 
3 3 1 4 T f f ct
· V2(s) _ (RlCls + 1)(R2C2s + I) 
. .. rans er un Ion -- - - 42 
VI(s) RlC2s 
3.4 
B(s) Km 
3.3.1.5 Transfer function -- = -------
Vf(s) s(Js+b)(Lfs+llf) 
3.3.1.6 Transfer function B(s) = Km 
Va(s) s[(Ra + Las)(Js+b)+KhKm] 
B(s) Km 
3.3.1.7 Transfer function -- = ---
Vc(s) s(rs + I) 
Modeling of DC motor 
3.4.1 Speed modeling 
3.4.2 Physical parameter 
3.4.3 Electrical characteristics 
3.4.4 Mechanical characteristics 
3.4.5 State space 
3.4.6 Transfer function block diagram 
3.5 The Routh-Herwirtz Stability Critireon 
3.6 The Root-Locus method 
3.6.1 Closed loop poles 
3.7 
3.8 
Modeling Tension System 
Traditional Analog Control 
3.9 The control system block diagram of unwinder and winder 
Machine 
Bachelor Technology in Mechatronics Engineering 
43 
43 
44 
45 
45 
45 
46 
47 
48 
49-51 
52-54 
54-55 
55-56 
57 
58-59 
60-61 
Muhd Fahezal Final Year Project Mechatronics 2003 x 
3.10 Plastic model 61-62 
CHAPTER IV ANALYSIS OF RESULTS AND SIMULATOR CONCEPT 
4.1 Dynamic Simulation (Matlab script) 63 
4.2 The PI controller for DC motor speed 63 
4.2.1 Kp = 52.4, Ki = 5, 10, 15, 20, 25, 30, 35, 40, 45, 50 64-70 
4.2.1.1 Summary of the results with Kp = 52.4 71 
4.2.1.2 Conclusions of the results 72 
4.2.2 Kp = 296.3 72-78 
4.2.2.1 Summary of the results with Kp = 296.3 79 
4.2.2.2 Conclusions of the results 80 
4.2.3 Kp = 494 80-86 
4.2.3.1 Summary of the results with Kp = 494 87 
4.2.3.2 Conclusions of the results 88 
4.2.4 Kp = 526.8 88-94 
4.2.4.1 Summary of the results with Kp = 526.8 95 
4.2.4.2 Conclusions of the results 96 
4.2.5 Kp = 784 96-102 
4.2.5.1 Summary of the results with Kp = 784 103 
4.2.5.2 Conclusions of the results 104 
4.3 Dynamic simulation (Simulink 4) 104 
4.4 The Simulator 106 
4.4.1 Motor speed control 107 
4.4.2 Alarm signal 107 
4.4.3 Tension limit setting 108 
4.4.4 Direction of plastic flow 108 
4.4.5 Plastic tension display 109 
4.4.6 Waveform chart display 109 
Bachelor Technology in Mechatronics Engineering 
Muhd Fahezal Final Year Project Mechatronics 2003 
CHAPTER V CONCLUSION AND RECOMMENDATION 
5.1 
5.2 
Conclusion 
Recommendation 
REFERENCES 
APPENDIXES 
Appendix A Matlab program code for system experiment 
xi 
110 
111 
112-114 
1. Matlab script (Root locus, Pirlocus.m) 115 
2. Matlab Script. ( DC motor speed and PI controller, Pldcspd.m) 116 
3. Matlab Script. ( Comparison between Kp and Ki values, Pldcspd.m) 117-118 
Appendix B Labview Motion Control Hardware 
1. 
2. 
3. 
Universal motion interface 
Stepper and Servo motor drives 
Motion control cables and adaptor 
Appendix C Simulink block reference 
1. 
2. 
3. 
Continuous block library 
Math block library 
Sinks and Sources block library 
Bachelor Technology in Mechatronics Engineering 
119 
120 
121 
122 
123-124 
125-126 
Muhd Fahezal Final Year Project Mechatronics 2003 xii 
LIST OF TABLES 
TABLE TITLE PAGE NUMBER 
2.1 Fundamental characteristics of Kp, Ki and Kd 25 
3.1 Principle properties of Low Density Polyethylene 62 
4.1 The response of Kp = 52.4 and Ki (0< Ki <= 50) 71 
4.2 The response of Kp = 280 and Ki (0< Ki <= 50) 79 
4.3 The response of Kp = 494 and Ki (0< Ki <= 50) 87 
4.4 The response of Kp = 526.8 and Ki (0< Ki <= 50) 95 
4.5 The response of Kp = 784 and Ki Ki (0< Ki <= 50) 103 
Bachelor Technology in Mechatronics Engineering 
Muhd Fahezal Final Year Project Mechatronics 2003 xiii 
LIST OF FIGURES 
FIGURES CONTENT PAGE NUMBER 
1.1 Machine process flow 2 
2.1 The single zone method 13 
2.2 The two zones 14 
2.3 The multiple zones 15 
2.4 The general block diagram of unwinder/winder system 16 
2.5 Zone 1 system structure 16 
2.6 Zone 2, system structure 17 
2.7 Zone 3, system structure 17 
2.8 The block diagram closed loop system for tension control 18 
2.9 Overview of closed loop control tension system 19 
2.10 Complete closed loop system tension control 20 
2.11 The block diagram of open loop for tension control 21 
Bachelor Technology in Mechatronics Engineering 
Muhd Fahezal Final Year Project Mechatronics 2003 xiv 
2.12 Complete open loop system tension control 22 
2.13 Load cell implement to direct tension 22 
2.14 Dancer arm implement to indirect tension 23 
2.15 Free loop implement to direct tension 23 
2.16 Speed loop with outer loop trim 26 
2.17 Position outer loop with speed control 26 
2.18 Dancer position regulator 28 
2.19 Basic structure of L VDT sensor 29 
2.20 The basic winding configuration of the L VDT 30 
2.21 The signal response when the magnetic core 
is perfectly centered 31 
2.22 The signal response when the magnetic cores 
move upward 31 
2.23 The response when the magnetic cores 
move downward 32 
2.24 Complete system with dancer control 33 
2.25 Complete system with load cell control 33 
2.26 Complete system with analog control 34 
2.27 Complete system with electronic control 35 
Bachelor Technology in Mechatronics Engineering 
Muhd Fahezal Final Year Project Mechatronics 2003 xv 
3.1 Elements of analytical method for modeling 
Dynamic system 36 
3.2 Elements of control system design process 38 
3.3 Integrating circuit 41 
3.4 Differentiating circuit 41 
3.5 Differentiating circuit 42 
3.6 Integrating filter 42 
3.7 DC motor with field-controlled and rotational actuator 43 
3.8 DC motor with armature-controlled and rotational actuator 43 
3.9 DC motor with two-phase control field and 
Rotational actuator 44 
3.10 The free body diagram of DC motor 45 
3.11 Block diagram representation of eqns. (3-17) and (3-18) 50 
3.12 Block diagram of dc motor 51 
3.13 Overall transfer function for the DC motor 51 
3.14 The block diagram of closed loop poles 55 
3.15 Free body diagram of unwinder/winder system 57 
3.16 Complete block diagram of unwinder/winder system 
60 
3.17 General overview of unwinder/winder system 
61 
Bachelor Technologv in Mechatronics Engineering 
Muhd Fahezal Final Year Project Mechatronics 2003 xvi 
3.18 Plastic spring model 62 
4.1 Root locus method to find the value of Kp 64 
4.2 The system response when Ki=5 65 
4.3 The system response when Ki=10 66 
4.4 The system response when Ki=15 66 
4.5 The system response when Ki=20 67 
4.6 The system response when Ki=25 67 
4.7 The system response when Ki=30 68 
4.8 The system response when Ki=35 68 
4.9 The system response when Ki=40 69 
4.10 The system response when Ki=45 69 
4.11 The system response when Ki=50 70 
4.12 The combination of the Ki values for system response 71 
4.13 Root-locus method to find the value of Kp 72 
4.14 The system response when Ki=5 73 
4.15 The system response when Ki=10 74 
4.16 The system response when Ki=15 74 
4.17 The system response when Ki=20 75 
Bachelor Technology in Mechatronics Engineering 
Muhd Fahezal Final Year Project Mechatronics 2003 xvii 
4.18 The system response when Ki=25 75 
4.19 The system response when Ki=30 76 
4.20 The system response when Ki=35 76 
4.21 The system response when Ki=40 77 
4.22 The system response when Ki=45 77 
4.23 The system response when Ki=50 78 
4.24 The combination of the Ki values for system response 79 
4.25 Root-locus method to find the value of Kp 80 
4.26 The system response when Ki=5 81 
4.27 The system response when Ki=10 82 
4.28 The system response when Ki=15 83 
4.29 The system response when Ki=20 83 
4.30 The system response when Ki=25 84 
4.31 The system response when Ki=30 84 
4.32 The system response when Ki=35 85 
4.33 The system response when Ki=40 85 
4.34 The system response when Ki=45 86 
4.35 The system response when Ki=50 86 
Bachelor Technology in Mechatronics Engineering 
Muhd Fahezal Final Year Project Mechatronics 2003 xviii 
4.36 The combination of Ki values for system response 87 
4.37 Root-locus method to find value of Kp 88 
4.38 The system response when Ki=5 89 
4.39 The system response when Ki=10 90 
4.40 The system response when Ki=15 90 
4.41 The system response when Ki=20 91 
4.42 The system response when Ki=25 91 
4.43 The system response when Ki=30 92 
4.44 The system response when Ki=35 92 
4.45 The system response when Ki=40 93 
4.46 The system response when Ki=45 93 
4.47 The system response when Ki=50 94 
4.48 The combination of Ki values for system response 95 
4.49 Root-locus method to find the value of Kp 96 
4.50 The system response when Ki=5 97 
4.51 The system response when Ki= 10 98 
4.52 The system response when Ki=15 98 
4.53 The system response when Ki=20 99 
Bachelor Technology in Mechatronics Engineering 
Muhd Fahezal Final Year Project Mechatronics 2003 xix 
4.54 The system response when Ki=25 99 
4.55 The system response when Ki=30 100 
4.56 The system response when Ki=35 100 
4.57 The system response when Ki=40 101 
4.58 The system response when Ki=45 101 
4.59 The system response when Ki=50 102 
4.60 The combination of the Ki values 103 
4.61 PI controller using Simulink 104 
4.62 The response signal of position output 105 
4.63 The response signal of speed output 105 
4.64 The front panel of system simulator 106 
4.65 The knobs for motor speed control (UnwinderfWinder) 107 
4.66 Alarm indicator for plastic tension waming 107 
4.67 Digital control for lower and upper limit of tension 108 
4.68 The animation display of plastic flow 108 
4.69 The meter and digital indicator of plastic tension 109 
4.70 The waveform chart display for output signal 109 
5.1 Typical Motion components 111 
Bachelor Technology in Mechatronics Engineering 
Muhd Fahezal Final Year Project Mechatronics 2003 xx 
LIST OF SYMBOLS AND ABBREVATIONS 
Va Armature voltage or source voltage 
Vc induced voltage 
VRa Voltage across armature resistance 
VLa Voltage across inductance 
Ra Armature resistance 
ia Armature current 
La Inductance or armature coil 
Kv Velocity constant 
wa The rotational velocity of the armature 
T w The torque produce by velocity of rotor 
T w ' The torque due to rotational acceleration of the rotor 
T e Electromagnetic torque 
TL The torque of the mechanical load 
Bachelor Technology in Mechatronics Engineering 
Muhd Fahezal Final Year Project Mechatronics 2003 xxi 
J The inertia of the rotor 
B,b Damping coefficient 
Qm Speed of motor 
8 Position of shaft 
f Tension. 
,a armature circuit time constant 
,I tension/speed time constant 
,c current PI time constant 
,s speed PI time constant 
tension PI time constant 
Bachelor Technology in Mechatronics Engineering 
